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® An objective lens-driving unit comprises a lens supporting means (11) for supporting the objective lens (2) 
having an optical axis vertical to a recording medium (6) on which light beams converge through the objective 
lens (2) so as to attain optica! recording, optical playing and optical erasing of information on the recording 
medium; and intemnediate supporting means for supporting said lens supporting means (11) by use of springs 
(12) that are movable in the tracking direction (x); at least one driving means (16.21) for driving said lens 
supporting means (11) in the tracking direction (x); a driving means (23,28) for driving said intermediate 

^supporting means in the focussing direction (y). wherein said tracking direction-driving means (16,21) comprises 
a magnetic circuit (16) that produces magnetic flux in the circumferential direction of the recording medium (6). 

|r-and a tracking direction-driving coil (21) that is positioned to cross a gap (20) formed in the magnetic circuit to 

■g thereby receive an electro-magnetic force due to an interaction between the magnetic field of the magnetic 
circuit- (16) and tiie cunrent passing through said coil (21), said tracking direction-driving coil (21) being 

<^ positioned within the excitation area of tiie magnetic circuit (16) even when said coil (21) moves in the focussing 

S direction (y). 



Q. 
LU 



Xefox Copy Centre 



BNSDOCID: <EP 0252651A1_I_> 




BNSDOCID: <EP 0252651A.1 J_> 



la. 



0 252 651 



AN OBJECTIVE LENS DRIVING UNH". 

This invention relates to a unit for driving an objective lens and is applicable to an objective lens in an 
optical disc apparatus by which light beams such as laser beams always converge on a recording nnedium 
through the objective lens, thereby attaining optical recording. opticaJ playing, and optical erasing of 
information on the recording medium. 

Rgure 17 shows a conventional magneto-optical disc apparatus in which an optical disc 600 is tumed 
by a motor 900. and a laser beam 400 from a laser light source 300 is reflected by a mirror 500 and then 
converges on the surface of a recording medium 606 included in the magneto-optical disc 600 via an 
objective lens 200 thereby attaining playing, erasing and writing of information thereon. The objective lens 
200 is moved in the direction vertical to the surface of the recording medium 606 of the magneto-optical 
disc 600 (i.e. the focussing direction) or in the radial direction of the magneto-optical disc 600 (i.e., the 
tracking direction) by a unit 100 for driving the objective lens in such a manner that the laser beam 400 
passing through the objective lens 200 can always converge on the recording track of the recording 
medium 606. The above-mentioned optical system is contained within an optical head 700. As shown in 
Rgure 18, the objective lens-driving unit 100 is provided with a supporting means 110 for supporting the 
objective lens 200. e.g. a cylindrical holder, which is movable in the focussing direction or the direction of 
arrow y (i.e. in the direction of the optical axis of the objective lens 200) with the below-mentioned 
intenmediate supporting means 130. The cylindrical holder 110 is fixed to the intermediate supporting 
means 130 by a pair of parallel springs 120 that are movable in the tracking direction or the direction of 
arrow x (i.e.. in the direction of tiie radius of the disk 600). An elastic substance 140 is disposed inside of 
each of the springs 120. A counterbalance 150 is positioned outside of the lower portion of the cylindrical 
holder 1 10. 

A pair of magnetic circuits 160 are fixed to the housing 170 of the objective lens-driving unit 100 in 
such a manner that they are symmetrical with regard to the optical axis of the objective lens 200. Each of 
the magnetic circuits 160 is composed of a yoke 180 and a magnet 190 and a yoke plate 166. The yoke 
plate 166 and tiie yoke 180 fonm a gap 220 tiierebetween, A coil 210. one end of which is fixed to tiie 
cylindrical holder 110. is positioned witiiin the gap 220. 

Thus, when current applied to the above-mentioned coil 210 is changed, an electromagnetic force is 
created to move the coil 210 such that displacement of both the cylindrical holder 110 and the objective 
lens 200 supported by the cylindrical holder 110 in the tracking direction can be achieved. 

On the other hand, a driving means 299 for driving tiie objective lens 200 in tiie focusing direction is 
placed downward of the above-mentioned intenmediate supporting means 130. The driving means 299 is 
composed of a magnetic circuit 250 composed of a magnet 270. yoke plate 260, yoke 280. and a coil 300. 
one end of which is fixed to the lower end of the intermediate supporting means 130 and which is 
positioned within a gap 290 fomned between the yoke plate 260 and the yoke 280. The intermediate 
supporting means 130 is supported by a pair of springs 230 such as circular leaf springs in a manner to be 
movable in the focusing direction. An elastic substance 240 Is disposed on the springs 230, 

In the conventional objective lens-driving unit 100 with the above-mentioned structure, if the stiffness in 
the focusing direction of each spring 120 tiiat is movable in the tracking direction and the stiffness in the 
tracking direction of each spring 230 that is movable in the focusing direction are insufficient, and/or if tine 
center G of gravity of tiie movable portion 111 for driving tiie objective lens 200 in tiie tracking direction 
comprising tiie objective lens 200, tiie objective lens-supporting means 110 and the coil 210 is displaced 
from the center C of the movable portion 111 at which the driving force in tiie tracking direction acts, ttie 
movable portion 1 1 1 will turn around its center 6 of gravity, causing turning of a movable portion 222 for 
driving the movable portion 111 in the focusing direction, which comprises the intennediate supporting 
means 130 and tiie coil 300. via the parallel springs 120, so tiiat rotation resonance arises in tiie springs 
120, which causes distortion in the frequency characteristics of tiie magneto-optical disk apparatus. This 
becomes troublesome in the servomechanism of the said magneto-optical disk apparatus. In order to 
remove such a problem, tiie center G of gravity of the movable portion 111 must be adjusted by use of a 
counterbalance 150 so as to match the center C of tiie movable portion 111 at which ttie driving force in the 
tracking direction acts. 

However, when a rectangular magnetic circuit is used as tiie magnetic circuit 160 as shown in Rgure 
19. the objective lens-supporting means 110 vibrates, due to tiie deflection of tiie parallel springs 230. in 
the focusing direction so that the gap 183 formed between ttie yoke 180 and the yoke plate 181 must be 
made sufficientiy large so as to permit tiie coil to move fre ly within tiie gap 183. causing lack of uniformity 
in tiie magnetic flux density therein. Thus, depending upon the positions of the upper portion 21 1 and tiie 



0 252 651 



lower portion 212 of the coil 210 in the focusing direction within the gap 183. a difference arises between 
the driving force produced to move the upper portion 211 of the coil 210 in the tracking direction and the 
driving force produced to move the lower portion 212 of the coil 210 in the tracking direction, which causes 
a displacement of the center of the movable portion 111 at which the driving force in the tracking direction 
acts. 

Moreover, since the width di of the coil 210 is greater than that of the fixed magnetic field represented 
by the width 62 of the yoke plate 181, the center of movable portion 111, at which the driving force that is 
created in the tracking direction acts, depends upon the position of the magnetic circuit. However, the 
center of gravity of the movable portion 111 that is movable In the tracking direction moves up and down 
with a displacement of the movable portion 222 that is movable in the focus direction, resulting in a 
displacement of the center of gravity of the movable portion 1 1 1 from the center of the movable portion 1 1 1 
at which the driving force created in the ti-acking direction acts, so tiiat a turning rotation resonance will 
arise in the springs 120. In order to prevent such a resonance, even if \he movable portion 111 is balanced 
by a countertaalance 150. the movement of the movable portion 111 in the tracking direction when the 
movable portion 222 in the focusing direction is lifted is opposite to that of the movable portion 111 in the 
ti-acking direction when tiie movable portion 222 is lowered, so that such a turning resonance will 
unavoidably occur. 

A coll that attains a feedback conti-ol of the velocity of the coils 210 can be used in the objective lens- 
driving unit 100. For this purpose, one of the two coils 210 is used for driving the movable portion 111 in 
tile ti-acking direction and the other is used for the feedback control of the velocity thereof such that the 
output power for the feedback control coil is retijrned to the said ti-acking-direction driving coil via an 
appropriate circuit, which causes an enlargement of the size of the unit 100. 

Rgure 21 is a partly cross-sectional view of tiie conventional objective lens-driving unit 1 00 shown in 
Rgure 18. in which four lead wires 901 which are a part of the tracking-direction driving coils 210 to supply 
electi-ical power to the tracking-direction driving coils 210. are led to the outside of the unit 100 tiirough the 
hole 171 of the housing 170. Parts of the focusing-direction driving coils 300 are also used as lead wires 
902 tiirough which electi-ical power is supplied to tiie focusing-direction driving coils 300. arid each lead 
wire 902 is led to the outside of tiie unit 100 tiirough tiie hole 171 of the housing 170. Since the wires are 
exposed to the outside, there is a possibility that they will be damaged, causing difficulties in maintenange. 

On the other hand, a velocity-detecting apparatijs using an electro-magnetic coil therein has been 
proposed, in which, if a coil for driving tiie said coil in a certain direction is also used as a coil for detecting 
the velocity of the said driven coil, the velocity-detecting coil cannot be used as a driving coil (or a driven 
coil) during the detection of velocity, and accordingly current for driving tiie driving coil and cun-ent for 
detecting the velocity of the driven coil must be separately supplied to tiiese coils, which causes complexity 
in tiie structure of tiie velocity-detecting apparatus and increases the production cost of this apparatus. 

Therefore, when this velocity-detecting apparatijs is incorporated into the above-mentioned conventional 
objective lens-driving unit, tiie unit becomes complex and expensive. 

The objective lens-driving unit of this invention, which aims to overcome the above-discussed and 
numerous otiier disadvantages and deficiencies of tiie prior art, comprises a lens supporting means for 
supporting the objective lens having an optical axis vertical to a recording medium on which light beams 
converge through the objective lens so as to attain optical recording, optical playing and optical erasing of 
information on tiie recording medium; an Intermediate supporting means for supporting said lens supporting 
means by use of springs that are movable in the tracking direction: a fixed supporting means for supporting 
said intermediate supporting means by use of springs that are movable in the focusing direction: at least 
one driving means for driving said lens supporting means in the tracking direction, said ti-acking direction- 
driving means being positioned between said fixed supporting means and said lens supporting means; a 
driving means for driving said intemnediate supporting means in the focusing direction, said focusing 
direction driving means being positioned between said fixed supporting means and intennediate supporting 
means, wherein said tracking direction-driving means comprises a magnetic circuit that produces magnetic 
flux in the circumferential direction of tiie recording medium, and a ti-acking direction-driving coil that is 
positioned to cross a gap fomned in tiie magnetic circuit to tiiereby receive an electro-magnetic force due to 
an interaction between the magnetic field of tiie magnetic circuit and the cun-ent passing through said coil, 
said fracking direction-driving coil being positioned witiiin tiie excitation area of tiie magn tic circuit even 
when said coil moves in the focusing direction. 

In a prefen-ed embodiment, the focusing direction driving means comprises a magnetic circuit with a 
gap and a focusing direction-driving coil positioned to cross said gap to th reby receive an elecfro-magnetic 
force in tiie focusing direction due to an interaction between tiie magnetic field of tiie magnetic circuit and 
the current passing through said coil. 
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In a preferred embodiment a velocity-detecting coil is laid upon said tracking direction-driving coil 
and/or said focusing direction-driving coil, thereby attaining the detection of the velocity of the driving of the 
tracking direction-driving coil and/or the focusing directior>-driving coil. 

In a prefenred embodiment, at least one flexible printed circuit is disposed on said fixed supporting 
5 means in such a manner that one end of the flexible printed circuit is exposed to the outside of the fixed 
supporting means. lead wires led from at least one selected from said tracking direction-driving coil and 
said focusing direction-driving coil being connected to said flexible printed circuit and wires through which 
current is supplied to said coil being connected to said exposed portion. 

In a preferred embodiment, the portion(s) of at least one selected from said lens supporting means, said 
70 Intenmediate supporting means and said fixed supporting means, to which one end or both ends of each of 
said springs is fixed, is separable into two parts. At least one end of each of said springs are fixed to at 
least one of said supporting means by an adhesive in a manner to be positioned between the two parts. 

Thus, the invention described herein makes possible the objects of (1) providing an objective lens- 
supporting unit in which, since the lengtii of each of the tracking direction-driving coils is set to be smaller 
75 than that of the magnetic circuit, each coil is always positioned within tiie excitation area of tiie magnetic 
circuit even when the coil moves in the focusing direction, and moreover the occurrence of a turning 
resonance resulting from an interference between the force to drive an objective lens in the focusing 
direction and the force to drive the objective lens in the ti-acking direction can be prevented, attaining 
frequency characteristics witiiout deflection, tiiereby attaining a stable servomechanism; (2) providing an 
20 objective lens-driving unit which supplies a stiojcture to simultaneously attain the production of an electro- 
magnetic force for driving coils and the detection of velocity of the driven coils, so that a miniaturization of 
the unit can be achieved; (3) providing an objective lens-driving unit in which coiled wires are not exposed 
to tiie outside, so that damage can be minimized; (4) providing an objective lens-driving unit in which 
hollows where springs for the movement of the objective lens in the focusing direction and/or in the tracking 
25 direction are held tiierein can be formed with accuracy at the interface between the two separable parts of 
spring-supporting means in accordance with the sizes of the springs, so tiiat the thickness of adhesive 
layers by which the springs are fixed into the hollows can be minimized, which allows for an improvement 
of the spring constant of each spring, resulting in a stable servomechanism; and (5) providing an objective 
lens-driving unit in which the thickness of the adhesive layers can be minimized as mentioned above, which 
30 maximizes the adhesive strength of the adhesives between each spring and the spring-supporting means. 

This invention may be better understood and its numerous objects and advantages will become 
apparent to those skilled in the art by reference to the accompanying drawings as follows: 

Rgure 1 is a side sectional view showing an objective lens-driving unit of this invention. 
Rgure 2 is a cross sectional view taken on line A-A of Rgure 1. 
35 Rgures 3(a) and 3(b). respectively, are perspective views showing the magnetic circuit and the coils 

used for the unit shown in Rgure 1. 

Rgure 4 is a side sectional view showing another unit of this invention. 
Rgure 5 is a cross sectional view taken on line B-B of Rgure 4. 

Rgures 6(a) and 6(b). respectively, are perspective views showing the magnetic circuit and the coils 
40 used for the unit shown in Rgure 4. 

Rgures 7(a) and 7(b), respectively, are plane views showing the coils shown in Rgure 6(b). 
Rgure 8 is a perspective view showing the decomposed parts of a driving means used for the unit 
shown in Rgure 4. 

Rgures 9(a) and 9(b), respectively, are a perspective view showing another coil used for the unit 
45 shown in Rgure 4 and a development of the coil shown in Rgure 9(a). 

Rgures 10(a) and 10(b). respectively, are a side sectional view showing another objective lens-driving 
unit of this invention and a cross sectional view taken on line D-D of Rgure 10(a). 

Rgure 11 is a plane view showing a flexible printed circuit used for ttie unit shown in Rgures 10(a) 
and 10(b). 

50 Rgure 12 is a plane view showing another flexible printed circuit. 

Rgure 13 is a side sectional view showing a fixation of the spring to the spring-supporting means in 
the objective lens-driving unit shown in Rgure 1 . 

Rgure 14 is a side sectional view showing another objective lens-driving unit of tiiis invention. 
Rgures 15(a) and 15(b), respectively, are side sectional views showing otiier fixations of the spring to 
55 the spring-supporting means in an objective lens-driving unit of this invention. 

Rgure 1 6(a) is a schematic diagram showing a model of motion presumed from the structure of the 
unit shown in Rgure 1 . 
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Rgure 16(b) is a schematic diagram showing the spring effect with regard to adhesives in the unit 
shown in Rgure 1 . 

Rgure 17 is a schematic diagram showing a magneto-opticai disk apparatus. 
Rgure 18 is a side sectional view showing a conventional objective lens-driving unit. 
Rgure 19 is a perspective view showing a decomposed driving means used for the unit shown in 
Rgure 18. 

Rgure 20 contains schematic diagrams showing the relationship between the position of the movable 
portion at which the driving force in the tracking direction acts and the center of gravity of the movable 
portion with regard to the objective lens-driving unit of this invention shown in Rgure 1 . 

Rgure 21 is a partly cross sectional view showing the conventional objective lens-driving unit shown 
in Rgure 18. 



Example 1 

Rgure 1 shows an objective lens-driving unit 1 of this invention which comprises a first control means 
Ml for controlling the movement of an objective lens 2 in the direction of the radius of an magneto-optical 
disk 6 (i.e.. the tracking direction x) and a second control means M2 for controlling the movement of the 
objective lens 2 in the direction of the focusing of a laser beam on the disk 6 by the objective lens 2 (i.e.. 
the focusing direction y). 

The first control means Ml comprises an objective lens-supporting means 11 such as a cylindrical 
holder, a pair of parallel leaf springs 12 disposed symmetrically with regard to the optical axis of the 
objective lens 2, and an intermediate supporting means 13 for supporting the objective lens-supporting 
means 11 by the springs 12 in such a manner tiiat the objective lens-supporting means 11 is movable in 
the tracking direction x. An elastic substance 14 by which the vibration of springs can be absorbed is fixed 
to tiie inner wall of each spring 12. A circular counterbalance 15 is disposed on the outer surface of the 
lower portion of the objective lens-supporting means 11. 

The first control means Ml further comprises, as shown in Rgures 1 to 3, a pair of magnetic circuits 16 
each of which is composed of a W-shaped yoke 18 and permanent magnets 19 fixed to both side arms 185 
of the yoke 18. The yoke 18 is fixed to a fixed supporting means such as the housing 17. The magnets 19 
are magnetized in the tangential direction (I.e.. the circumferential direction of the disk 6). A space 20 is 
formed between the magnet 19 and tiie central arm 186 of tiie yoke 18. A coil 21. which is formed into a C- 
shape not only In tiie plane view but also in tiie side view, is incorporated into the yoke 18 such that each 
of both side ends of the coil 21 is inserted within the gap 20. The lengtii of tfie coil 21 in the focusing 
direction y is set to be smaller tiian that of the gap 20 in the focusing direction y. That is. the lengtin and tiie 
position of the coil 21 is set such that the coil 21 should be included within the excitation area of the 
magnetic circuit 16. The back face 21c of tiie coil 21 is fixed to the above-mentioned objective lens- 
supporting means 11. The coil 21 and the magnetic circuit 16 constitute a driving means for driving tiie 
objective lens 2 in the t-acking direction x. 

When cunrent flows tiirough each coil 21. a movable portion 22 composed of the coil 21, the objective 
lens 2. the objective lens-supporting means 11 and the counterbalance 15 is displaced in the tracking 
direction x due to the electi-o-magnetic force created by an interaction between the electric field of the 
magnets 19 and the cun-ent of ttie coil 21. Since the coil 21 is consfructed such that it is positioned within 
the excitation area of the magnetic circuit 16. the position at which the driving force acts against the 
movable portion 22 can be fixed independently of the position of the center of gravity of the movable 
portion 22. The position of the center of gravity of the movable portion 22 is adjusted by tiie counterbalance 
15 in such a manner that it confomns to or is placed slightly below tiie position at which the driving force 
acts against the movable portion 22. so that the occurrence of a turning resonance of tiie movable portion 
22 in the direction tiiat the occun-ence of a response phase between the input signal and tiie movement of 
tiie objective lens on the disk 6 can be prevented, and stable transmission characteristics of the movable 
portion 22 can be attained. 

The above-mentioned second control means M2 for controlling the objective lens 2 in the focusing 
direction y comprises a pair of parallel leaf springs 29 disposed symmetrically with regard to a vertical line 
to the optical axis of tiie objective lens 2. the above-mentioned intermediate supporting means 13 that also 
supports the springs 29, a magnetic circuit 23 and a coil 28. The magnetic circuit 23 comprises a yoxe 24, 
a permanent magnet 25 and a yoke plate 26 fixed to tiie lower portion of tiie inner wall of the housing 17^ 
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The coil 28. one end of which is fixed to the intermediate supporting means 13. is disposed into the 
magnetic circuit 23 such that it is positioned within a space 27 formed between the yoke plate 26 and the 
yoke 24. The coil 28 and the magnetic circuit 23 constitute a driving means for driving the objective lens 2 
in the focusing direction y. 

5 One end of each of the parallel leaf springs 29 is fixed to the above-mentioned intenmediate supporting 

means 13 and the other end thereof is fixed to the housing 17. so that the Intemnediate supporting means 
13 is movable in the focusing direction alone. An elastic substance 30 is fixed to one surface of each of the 
springs 29. 

When cun-ent flows through the coll 28. a movable portion 31 that is composed of the coil 28 and the 
70 intermediate supporting means 13. and the above-mentioned movable portion 22 that is supported by the 
parallel springs 1 2 are displaced in the focusing direction alone. 

Even though the movable portion 22 is displaced in the focusing direction, the coil 21 is maintained 
within the excitation area of the magnetic circuit 1 6 such that the whole area of the coil 21 in the focusing 
direction crosses the magnetic flux of the magnetic circuit 16. Accordingly, the position at which the driving 
75 force acts against the movable portion 22 is unchangeable, and by the adjustment of the position of the 
counterbalance 15, the position of the center of gravity of the movable portion 22 can be adjusted to 
conform to or be positioned slightly below the positon at which the driving force acts against the movable 
portion 22. so that the occurrence of tuming resonance of the movable portion 22 in the direction that the 
occurence of a response phase between the input signal and the movement of the objective lens on the 
20 disk 6 can be prevented and stable transmission characteristics of the movable portion 22 can be attained. 



Example 2 

25 Rgures 4 and 5 show another objective-lens driving unit 1 of this invention, wherein a coil 121. which is 
. used for feedback control of the velocity of the movement of the movable portion 22 in the tracking 
direction, is disposed on the coil 21 that is used to move the movable portion 22 in the tracking direction, 
enabling the elimination of a pair of coils 21 positioned symmetrically with regard to the optical axis of the 
objective lens 2. As a result, the structure on the side of the unit 1 that is opposite the feedback control coil 

30 side can be simplified, and the motor 900 shown in Rgure 17 can be incorporated into the said simplified 
area, which makes this unit 1 compact. 

The above-mentioned coil 121 also works as a coil to drive the movable portion 22 in the tracking 
direction when the recording or playing of information is carried out on the disk 6. whereas it works as a coil 
for feedback control when the objective lens 2 has access to a certain track at a high speed. 

35 The control means M1 for controlling the movement of the objective lens 2 in the tracking direction is 
supported by a pair of parallel leaf springs 29 at both their upper portion and lower portion on one side 
thereof, so that the inclination of the control means M1 to the optical axis of the objective lens 2 can be 
prevented even when the movable portion 22 is moving in a certain direction. 

The laminated coil composed of the coils 21 and 121 can be made by winding lead wires so that the 

40 flat coil is formed. Alternatively, it can be easily made of a flexible printed circuit by an etching technique 
with excellent workability. 

One of the coiled layers is used as a coil for the driving of the movable portion 22 in the tracking 
direction. The other coiled layer can be used as a coil for the detection of the driving velocity of the 
movable portion 22 in the tracking direction and is used, as desired, as a coil for the control of the driving 

45 velocity of the movable portion 22 thereby increasing the stiffness of the servosystem of this unit 1 against 
vibration resulting from external force. Figure 6(b) shows a pair of laminated coils 21' composed of the coils 
21 and 121. which are made of flexible printed circuits as mentioned above. Each laminated coil 21' Is 
attached to the lens supporting means 11. When the coils 21 and 121 constituting each of the laminated 
coils 21' are different in use. both ends of each of them are connected to lead wires. The coil shown in 

50 Rgure 7(a) is an example of the coil 21 that is prepared as follows: On one surface of a flexible board, a 
desired pattern is fomried by an etching technique, etc.. resulting in the coil 21 . Both ends 34 of the coil 21 
are connected to thin lead wires- 32 by means of solder. Such a coiled pattern can be also applied to the 
coil 121. 

55 
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The lead wire configuration shown in Rgure 7(a) causes an interference between these lead wires and 
moreover causes difficulties in distinguishing one from the other when the coils 21 and 121 are employed 
for different uses. In order to solve these problems, it is desirable to make a difference between the 
patterns of the end portions of the coils 21 and 121. to which the lead wires are connected, as shown in 
Rgure 7(b) in which the end portions 34 of the coil 21 are different in their position in the direction of the 
thickness of these coils from the end portions 33 of the coil 121. so that these coils can be readily 
distinguished from each other. 

The above-mentioned electro-magnetic coils for the driving of the movable portion 22 in the tracking 
direction and for the control of the driving velocity of the movable portion 22 are. of course, applicable to 
the coils for the driving of the movable portion 22 in the focusing direction and for the control of the driving 
velocity of the movable portion 22. 

Rgure 8 is a perspective view showing the component parts of a driving means for the driving of the 
movable portion 22 in the focusing direction, in which said driving means is composed of a cylindrically 
wound coil 28 for the driving of the movable portion 22 in the focusing direction, a cylindrically wound coil 
128 for the feedback control of the driving velocity of the movable portion 22 in the focusing direction, and 
a magnetic circuit 25. The coils 28 and 128 are concentrically positioned within the gap 27 of the circuit 25 
as shown in Rgure 4. For this coil structure, the flat coil or the flexible printed circuit such as that in the 
tracking direction-driving coil can be used. Instead of a cylindrically wound coil structure, the coils can be 
fomned using a sheet-type flexible printed circuit. In the event that the coil 28 is. for example, formed by 
use of a flexible printed circuit, it should be made without part 28a thereof, which is readily made as be 
seen from the development of the said coil 28 shown in Rgure 9(b). 

Lead wires are connected to the coils for the driving of the movable portion 22 in the focusing direction 
m the same manner as those to the above-mentioned coils for the driving of the movable portion 22 in the 
tracking direction. 

The velocity feedback is described below. 

Given that the weight of the movable portion 22 shown in Rgures 4 and 5. which comprises the coils 21 
and 121, the objective lens 2. tiie objective lens-supporting means 11 and the counterbalance 15, is m. and 
the decrement and the elastic modules of the composite made of the parallel leaf springs 12 and the elastic 
substance 14 are d and k. respectively, the equation of motion at the time when external force is not added 
to \he movable portion 22 can be represented beiow by Laplace transform: 
(ms2 + ds + k)X2 = (ds + k)xi ... (1) 

wherein xi Is the Laplace transform of the displacement in the tracking direction of the intermediate 
supporting means 13 that supports the said movable portion 22. and xs is the Laplace transform of the 
displacement in the tracking direction of the movable portion 22. 

When the movable portion 22 moves depending upon the movement of the intermediate supporting 
means 13, the displacement xz of the movable portion 22 should not conform to the displacement xi of the 
intermediate supporting means 13 arising from external vibration, but a relative displacement (xi-xa) must 
arise therebetween. Accordingly, the equation (1) can be represented below by a transmission function of 
(X1-X2) to xi: 

{xrX2)/xi = ms2/(ms2 + ds + k) 

= S2/(S2 + 2fcaoS + <Bo2) ... (2) 

wherein <^ = k/m and 

c = <a/\ 2 j¥k ) 

SO tiiat the damping numbers r are constant and depend upon tiie values d. m and k. 

On tiie other hand, tiie equation of motion, in the event that differentiation of the relative displacement 
(x,-X2) with respect to time (i e., the relative velocity) is detected and amplified so as to transmit to tine 
driving coils, is represented below if gain of the velocity feedt^ack system is a: 
[ms2 + (d + a)s + k]x2 
= [(d + a)s + k]xi ...(3) 
Accordingly, 

(Xi 'X2)/Xi 

= ms2/[ms2. + (d + a)s + k] 
= s2/(s2 + 2r«oS + «o2) ...(4) 
wherein <do = k/m and 



C' = (d + a)/i2jmk) 
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so that the damping numbers f can be changed by the gain a of the velocity feedback system. Especially, 
when r ^1. the denominator of the equation (4) is unvibrational so tiiat the resonance of the movable 
portion 22 due to external vibration does not arise thereby increasing the stiffness of the servosystem. 
Moreover, free vibration of the movable portion 22 arising while access of the laser beam has access to the 

5 disk 6 through the objective lens 2 can be suppressed. 

The above-mentioned example only discloses the case In which this invention is applied to coils used 
to drive the objective lens in the tracking or focusing direction, but this invention is. of course, applicable to 
any electro-magnetic coil structure that necessitates a driving coil to be displaced due to electro-magnetic 
force within the gap in a magnetic circuit and a velocity-detecting coil for detecting the velocity of the 

70 driving coil. 

As mentioned above, the objective lens-driving unit of Example 2 is provided with a laminated coil that 
is composed of a driving coil to be displaced due to electro-magnetic force within the gap in a magnetic 
circuit and a velocity-detecting coil for detecting the velocity of the said driving coil, so that the size of this 
unit can be made much smaller than that of a conventional unit In which a driving coil and a velocity- 

T5 detecting coil are separately disposed. Moreover, in the unit of Example 2. the driving coil and the velocity- 
detecting coil function in their own role alone, so that the driving of the coil can be easily controlled and the 
velocity of the driving of the coii can be easily detected, which allows for an increase in accuracy of driving 
the coil, an increase in accuracy of detection of the driving velocity of the coil, and a decrease in the 
production cost of the unit. Moreover, when coils made by the use of flexible printed circuits having 

20 different patterns are layered resulting in a laminated coil, the simplicity of the wiring process for the 
laminated coil is increased. 



Example 3 

25 

Rgure I0<a) shows another objective lens-driving unit of this invention, which is provided with a flexible 
printed circuit 250 through which current is supplied to the coils 21 that are the same coils as mentioned in 
Example 1. The flexible printed circuit 250 comprises, as shown in Rgure 11. a resin substrate 251 of a 
circular thin plate with a rectangular extension 252 and a pair of conductive substances made of copper. 
30 etc.. composed of a semicircular portion 254 and a short straight portion 255. The two semicircular portions 

254 and the two short straght portions 255 are. respectively, printed on the circular substrate 251 in such a 
manner that they are disposed symmetrically with respect to the center line of the circular substrate 251. 
The flexible printed circuit 250 is placed, as shown in Figures 10(a) and 10(b). on flat portions 177 of the 
housing 17. The extension 252 is exposed to the outside of the housing 17 through a hole 177a formed on 

35 the side wall of the housing 17. One end of one of the coils 21 is connected to one end 254a of the 
semicircular conductive portion 254. The other end of the coil 21 is connected to one end 255a of a straight 
conductive portion 255. The other ends 254b and 255b of the semicircular and the straight portions 254 and 

255 are connected to a power source by means of lead wires. In the same way, one end of the other coil 21 
is connected to one end 254a of the other semicircular conductive portion 254 and the other end of the coil 

40 21 is connected to one end 255a of the other straight conductive portion 255. The dther ends 254b and 
255b of the semicircular and the straight portions 254 and 255 are connected to a power source by means 
of lead wires. Because of the above-mentioned coil configuration, the disposition of the four wires from the 
coils 21 becomes symmetrical with respect to the center O of the circular substrate 251. so that the weights 
and stiffnesses of these wires to be imposed on the movable portion 22 *at the time when the movable 

45 portion 22 moves in a certain direction can be balanced with respect to the center O. 

Although the above-mentioned example only discloses the case in which the colls 21 provide four wires, 
this invention can apply to the case that two of the four wires are connected in series to each other on. for 
example, the lens-supporting means 11. resulting in the coils 21 providing two lead wires. In this case, a 
flexible printed circuit 260 shown in Rgure 12 is used, which comprises a semicircular substrate 261 made 

50 of a resin with a rectangular extension 262 positioned at one end of the semicircle and a pair of conductive 
substances 264 and 265 printed on the substrate 261. Such a flexible printed circuit 260 can be also used 
for the coils 28. wherein one end of each of the coils 28 is connected to one end 264a of the semicircular 
conductive portion 264 and the other end of the coil 28 Is connected to one end 265a of the straight 
conductive portion 265 printed on the rectangular extension 262. This flexible printed circuit 260 is. as 

55 shown in Rgure 10(a). fixed to the lower flat portion 178 of the housing 17. The extension 262 is exposed to 
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the outside of the housing 17 through a hole 178a formed on the side wall of the housing 17. Tne other end 
264b of the semicircular conductive portion 264 and the other portion 265b of the straght conductive 
portion 265 are exposed to the outside of the housing 17 through the hole 178a. Current is supplied to the 
coil 28 through both ends 264b and 265b via external lead wires connected to these ends 264b and 265b. 



Example 4 

One end of each of the parallel leaf springs 12 of the unit 1 of Example 1 is fixed to the objective lens- 
supporting means 1 1 by positioning the said end into a hole or hollow 32 parallel to the optical axis of the 
lens 2 by means of an adhesive 33 and the other end thereof is fixed to the Intermediate supporting means 
13 by positioning the said end into a hole 34 parallel to the optical axis of the lens 2 by means of an 
adhesive 35. Figure 13 is a sectional view showing an enlarged portion of the parallel leaf spring 12. 

The outer end of each of the springs 29 is likewise fixed to the housing 17 by positioning the said end 
into a circular hole or hollow 36 vertical to the optical axis of the lens 2 by means of an adhesive 37 and the 
inner end thereof is fixed to the intermediate supporting means 13 by positioning the said end into a 
circular hole 38 vertical to the optical axis of the lens 2 by means of an adhesive 39. 

However, when the above-mentioned leaf springs 12 and 29 are used in the objective lens-driving unit 1 
of this invention, if force is applied to the intermediate supporting means 13, the springs 12 and 29 transmit 
the force to the movable portion 22. At this time, resonance occurs in the springs. A kinetic model in the 
focusing direciton of the unit 1 shown in Rgure 1 is discussed below: As shown in Rgure 16(a), this kinetic 
model gives rise to vibrations in two different directions, one of which is resonance (a first resonance) 
arising in the spring 29 in the focusing direction due to the coil 28 and the other of which is resonance (a 
second resonance) arising in the spring 12 in the focusing direction due to the coil 28. In the drawing, mi 
and m2 are the weights of the movable portions Including the springs 29 and 12. respectively; ki is the 
spring constant in the focusing direction of the spring 29; ka is the spring constant in the focusing direction 
of the spring 12; ci and C2 are the coefficients of viscosity of the springs 29 and 12, respectively; xi and X2 
are the displacements of the said movable portion in the focusing and the tracking directions, respectively; 
and fi is the force that is applied to the said movable portion in the focusing direction. 

The frequency of the second resonance, fr2, is represented by the following formula: 

* • « • ( D ) 

Since one end of each of the springs 12 is fixed to the objective lens-supporting means 11 by the 
adhesive 33 and the other end thereof is fixed to the intermediate supporting means 13 by the adhesive 35. 
the spring constant k2 is presumed to be composed of the spring constant k2s of the spring 12 in the 
focusing direction and the spring constant k2b of the above-mentioned adhesives. The spring constant ka is. 
thus, presumed to be a spring model in which two springs having the spring constants k2s and k2b. 
respectively, are connected in series to each other as shown in Rgure 16(b). The spring constant ka can be 
represented by the following fonmuia: 

^2b + ' ... (6) 

When the value of k2b approaches infinity, ka approaches kz^. This means that if k^^ is not set to be 
sufficiently greater than k2s, the spring constant k2 will be reduced by the adhesives. In the unit 1 shown in 
Rgure 1, it is difficult to form each of the holes 32, 34, 36 and 38 with high accuracy, into which the end of 
each of the springs 12 and 29 is positioned, so that the sizes of the holes occasionally become large, 
resulting in adhesive layers with great thicknesses within the said holes, which causes difficulty in obtaining 
a large value of k2b. Therefore, the spring constant k2 becomes small. 

Moreover, the value of k2 of some kinds of adhesives depends greatly upon temperatures, resulting in 
great changes in the frequency of the second resonance, frj. 
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In order to prevent the above-mentioned phenomena, by which the servosystem of this unit 1 becomes 
unstable, it is necessary to make the spring constant kab of the adhesives great For this purpose, a 
structure which attains the minimization of the Sickness of the adhesive in each of the holes must be 
provided. Although only the adhesion of the springs 12 to the supporting means 11 and 13 are discussed 

5 above, the same problems arise in the adhesion of the springs 29 to the supporting means 13 and 17. 

Rgure 14 shows an objective lens-driving unit 1 of this invention which overcomes the above-discussed 
problems. The objective lens-supporting means 11 is composed of two parts, the inner part I1a and the 
outer part lib. The upper end of each of the parallel leaf springs 12 is fixed by an adhesive at the interface 
between the two parts 11a and lib of the supporting means 11. The portion of the inner part 11a with 

10 which each spring 12 comes in contact and the portion of the outer part lib with which each spring 12 
comes in contact, are processed independently since they can be separated from each other, so that the 
size of the gap to be formed therebetween can be set depending upon the thickness of the spring 12. This 
means that the thickness of the adhesive layer to be formed into the gap can be made as small as possible. 
Thus, it is possible to make the spring constant of the adhesive sufficiently greater than that of the spring 

75 12 in the focusing direction. 

The intermediate supporting means 13 is likewise composed of two parts, the inner part 13a and the 
outer part 13b. The lower end of each of the springs 12 is fixed by an adhesive at the interface between the 
two parts 13a and 13b of the supporting nneans 13. The size of the portion of the inner part 13a with which 
the spring 12 comes in contact and the size of the portion of the outer part 13b with which the spring 12 

20 comes in contact can be also set depending upon the thickness of the spring 12. so that the thickness of 
the adhesive layer to be formed into the gap between the contact portions can be minimized. 
A supporting structure for supporting the other springs 29 is described below: 

The housing 17 is composed of two parts, the upper part 17a and the lower part 17b. The outer end of 
each of the springs 29 is fixed with a pressing ring 29a by an adhesive at the interface between the two 

25 parts 17a and 17b. The inner end of each of the springs 29 is fixed by an adhesive at the interface between 
the outer projection 13c of the intermediate supporting means 13 and the pressing ring 29b. 

The supporting structure for supporting the springs 12 and 29 is not limited to the above-mentioned. 
Rgure 15(a) shows another supporting structure therefore, in which one end of the spring 12 is inserted into 
the objective lens-supporting nneans 1 1 in such a manner that the top of the end is exposed to the outside 

30 of the supporting means 11. Figure 15(b) shows another supporting structure, in which the objective lens- 
supporting means 11 is constructed such that the inner part 11a and the outer part lib can be separated 
from each other so as to form into a step 11c. The top of one end of the spring 12 comes in contact with 
the step 11c. Accordingly, the step 11c functions as a positioning means for the spring 12, which allows 
accurate positioning of the spring 12. The above-mentioned structures can be. of course, applied to the 

56 springs 29, 

It is understood that various other modifications will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and spirit of this invention. Accordingly, it is not intended 
that the scope of the claims appended hereto be limited to the description as set forth herein, but rather 
that the claims be construed as encompassing all the features of patentable novelty that reside in the 
40 present invention, including all features that would be treated as equivalents thereof by those skilled in the 
Eirt to which this invention pertains. 



Claims 

45 

1, An objective lens-driving unit comprising a lens supporting means (11) for supporting the objective 
lens {2) having an optical axis vertical to a recording medium (6) on which light beams converge through 
the objective lens (2) so as to attain optical recording, optical playing and optical erasing of information on 
the recording medium; an intermediate supporting means (13) for supporting said lens supporting means 

50 (11) by use of springs (12) that are movable in the tracking direction (x); a fixed supporting means (17) for 
supporting said intermediate supporting means (13) by use of springs (29) that are movable in the focussing 
direction (y); at least one driving means (16.21) for driving said lens supporting means (11) in the tracking 
direction (x). said tracking direction-driving means (16.21) being positioned between said fixed supporting 
means (17) and said lens supporting means (11); a driving means (23.28) for driving said intermediate 

55 supporting means (13) in the focussing direction (y). said focussing direction driving means (23,28) being 
positioned between said fixed supporting means (17) and intermediate supporting means (13). characterised 
in that said tracking direction-driving means (16.21) comprises a magnetic circuit (16) that produces 
magnetic flux in the circumferential direction of the recording medium (6). and a tracking direction-driving 
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coil (21) that is positioned to cross a gap (20) formed in the magnetic circuit to thereby receive an electro- 
magnetic force due to an interaction between the magnetic field of the magnetic circuit (16) and the cun-ent 
passing through said coil (21). said tracking direction-driving coil (21) being positioned within the excitation 
area of the magnetic circuit even when said coil (21) moves in the focussing direction (y). 

2. An objective lens-driving unit as claimed in claim 1 . wherein said focussing direction driving means 

(23.28) comprises a magnetic circuit (23) with a gap (27) and a focussing direction-driving coil (28) 
positioned to cross said gap (27) to thereby receive an electro-magnetic force in the focussing direction (y) 
due to an interaction between tiie magnetic field of the magnetic circuit (23) and the current passing 
through said coil (28). 

3. An objective lens-driving unit as claimed in claim 1 or 2. wherein a velocity-detecting coil (121.128) is 
laid upon said tracking direction-driving coil (21) and/or said focussing direction-driving coil (28). thereby 
attaining the detection of the velocity of the driving of the tracking direction-driving coil (21) and/or the 
focussing direction-driving coil (28). 

4. An objective lens-driving unit as claimed in claim 1, wherein at least one flexible printed circuit (25) is 
disposed on said fixed supporting means (17) in such a manner that one end (252) of the flexible printed 
circuit (250) is exposed to the outside of the fixed supporting means (17). lead wires led from at least one 
selected from said tracking direction-driving coil (21) and said focussing direction-driving coil (28) being 
connected to said flexible printed circuit (250) and wires through which current is supplied to said coil being 
connected to said exposed portion (252). 

5. An objective lens-driving unit as claimed in claim 1 . wherein the portion(s) of at least one selected 
from said lens supporting means (11). said Intermediate supporting means (13) and said fixed supporting 
means (17), to which one end or both ends of each of said springs (12.29) is fixed, is separable into two 
parts. 

6. An objective lens-driving unit according to claim 5. wherein at least one end of each of said springs 

(12.29) are fixed to at least one end of said supporting means (11.13.17) by an adhesive (33) in a manner to 
be positioned between the two parts. 



11 



0 252 651 



FIG. 1 
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FIG. 5 
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FIG. 6(a) 
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FIG. 8 
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FIG. io( a ) 
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FIG. 10 ( b ) 
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FIG, 11 
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FIG, 13 
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FIG. 15 (a) 
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PIG. 16 ( a) 
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FIG, 20 
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FIG, 21 
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